INTRODUCTION
Genome engineering is a term used to describe the process of making specific, targeted alterations in the genome of a living organism. Genome engineering exploits the repair of a DNA double-strand break (DSB) through the endogenous pathway of homologous recombination (HR). By providing an exogenous DNA repair template that contains homology to the targeted site, it is possible to exploit the HR machinery to create defined alterations close to the site of a DSB. However, mammalian genomes comprise billions of base pairs and there is a low probability of a spontaneous DSB occurring close to the region to be targeted; as a consequence, desired recombination events occur extremely infrequently (Capecchi, 1989) . A major breakthrough came with the demonstration that targeted DSBs greatly increase the frequency of homology-directed repair (HDR) at a specific locus (Choulika, Perrin, Dujon, & Nicolas, 1995; Plessis, Perrin, Haber, & Dujon, 1992; Rouet, Smih, & Jasin, 1994; Rudin, Sugarman, & Haber, 1989) . This discovery has spurred the development of programmable endonucleases that can be exploited to promote site-specific cleavage of the genome.
Zinc finger nucleases (ZFNs) and transcription activator-like effector nucleases (TALENs) are artificial restriction enzymes produced by fusing customizable DNA binding domains to the sequence-independent nuclease domain of the restriction enzyme Fok1 (Boch et al., 2009; Christian et al., 2010; Miller et al., 2007 Miller et al., , 2011 Moscou & Bogdanove, 2009; Urnov et al., 2005) . Fok1 requires dimerization for its activity, and thus a pair of ZFNs or TALENs is required to bind to opposite strands of DNA on either side of a target site to allow Fok1 dimerization and DNA cleavage. While ZFNs and TALENs have been shown to be capable of creating targeted DNA breaks and introducing genomic sequence changes through HDR, difficulties in protein design and synthesis proved to be a barrier to their widespread use (Hsu, Lander, & Zhang, 2014 ).
CRISPR/Cas SYSTEM
Recently, a new tool based on clustered, regularly interspaced, short palindromic repeats (CRISPR) systems from bacteria have been exploited for genome engineering in human cells and have generated considerable excitement (Hsu et al., 2014) . CRISPR systems have the distinct advantage of using RNA-guided nuclease activity to target cleavage of DNA and thereby eliminate the need for protein engineering and optimization.
CRISPR/Cas modules were identified in bacteria as part of an adaptive immune system that enables hosts to recognize and cleave foreign invading DNA (Horvath & Barrangou, 2010; Marraffini & Sontheimer, 2010) . CRISPR modules comprise arrays of short nucleotide repeats interspersed with unique spacers that share homology with foreign phage or plasmid DNA. Of the three CRISPR/Cas systems that have evolved in bacteria, the type II system is the simplest and involves only three components: a processed RNA that is complementary to the spacers, known as a CRISPR-RNA (crRNA), a trans-activating tracrRNA that hybridizes to the crRNA, and the Cas9 nuclease. The crRNA and the tracrRNA form an RNA double-strand structure that directs Cas9 to generate DSBs at a site complementary to the targeting region of the crRNA (Brouns et al., 2008; Deltcheva et al., 2011; Garneau et al., 2010) . The RNA components of the CRISPR/Cas9 system (the crRNA and the tracrRNA) can be combined into a singular guide RNA (gRNA) (Jinek et al., 2012) . The gRNA directs Cas9 to induce DSBs in the genome of cells at sites complementary to a w20 base pair targeting sequence in the gRNA. The simplicity of these RNA-guided nucleases has allowed scientists to repurpose the CRISPR/ Cas9 system to create site-specific DNA breaks in a variety of eukaryotic cells (Cong et al., 2013; Mali et al., 2013) .
ANALOG-SENSITIVE KINASES
Nearly one-third of the proteome is subject to phosphorylation by protein kinases. Adenosine triphosphate (ATP)-competitive small molecule inhibitors are powerful tools for probing the function of kinases in living cells. However, many kinases possess a similar catalytic core, and thus achieving specificity in inhibiting kinase activity in cells is a major challenge. One method to overcome this limitation is to exploit a chemical genetic strategy in which a kinase is engineered to accept ATP analogs that are not efficiently utilized by wild-type kinases. These engineered kinases are referred to as analog-sensitive (AS) kinases (Bishop et al., 2000) . This is achieved through the mutation of a bulky hydrophobic 'gatekeeper' amino acid in the ATP binding pocket to a smaller amino acid (alanine or glycine) (to identify the gatekeeper residue for a kinase see http://sequoia.ucsf.edu/ksd) (Liu et al., 1999 ). An AS kinase can be specifically inhibited with generic nonhydrolyzable bulky ATP analogs, allowing rapid and reversible control of kinase activity in cells. Despite broad utility, the use of the AS kinase approach in mammalian cells has been hampered by the difficulty of functionally replacing an endogenous kinase with appropriate levels of an AS kinase. The development of CRISPR/Cas9 offers a facile method for introducing AS mutations into endogenous mammalian kinases.
Here, we outline a method for using CRISPR/Cas9 genome engineering to introduce an AS point mutation in a single step into both alleles of Polo-like kinase 4 (Plk4). This protocol can be used to introduce point mutations into any target gene of choice and could also be adapted to insert larger DNA elements, such as fluorescent proteins and degrons, at defined genomic locations.
METHODS

DESIGNING A GUIDE RNA FOR SEQUENCE-SPECIFIC DNA CLEAVAGE BY SpCas9
The CRISPR/Cas9 system is capable of generating targeted DSBs in the genome of mammalian cells. The Streptococcus pyogenes (Sp) CRISPR/Cas9 system is the most widely used system and will be the focus of this protocol. The specificity of SpCas9 targeting is determined by a 20-nucleotide (nt) targeting sequence within the gRNA that is complementary to the genomic target sequence. The genomic target sequence must precede an "NGG" sequence known as the protospacer adjacent motif (PAM), which is necessary for target cleavage, but is not encoded within the gRNA (Figure 1 ) (Mojica, Diez-Villasenor, Garcia-Martinez, & Almendros, 2009; Shah, Erdmann, Mojica, & Garrett, 2013) . The PAM sequence has evolved to ensure that the CRISPR/Cas9 system does not self-target the CRISPR modules in the bacterial genome (Shah et al., 2013) . SpCas9 usually cleaves the DNA 3-nt upstream of (i.e., 5 0 to) the PAM to produce a blunt-ended DSB (Figure 1 ). Breaks can either be repaired by HDR or through error-prone nonhomologous end-joining (NHEJ) pathway, which usually introduces insertions and deletions (InDels) of bases at the cut site. Several plasmid constructs are available for SpCas9/gRNA expression in mammalian cells. In our experiments we have used the PX459 vector (available from Addgene, vector #62988), which enables expression of a gRNA, SpCas9, and a puromycin resistance gene from a single vector. In this section we describe how to design a gRNA to direct cleavage at a specific genomic site.
1. Download the genomic sequence of the target gene from the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/gene). 2. Identify the codon for the amino acid that will be mutated and copy a sequence of 50 nucleotides on either side of the desired mutation. 
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FIGURE 1 Genome Editing Using the CRISPR/Cas9 System.
SpCas9 nuclease is directed to a specific locus through base-pairing of the targeting sequence (underlined) of its associated guide RNA (gRNA) with a genomic target sequence. The genomic target sequence is followed by a protospacer-adjacent motif (PAM, red (light gray in print versions)) that is required for SpCas9 recognition and cleavage. Double-stranded cleavage usually occurs three base pairs upstream of the PAM. The double-strand break (DSB) may be repaired through homology directed repair (HDR) using an exogenously supplied repair template that contains a mutation of interest (green (dark gray in print versions)). Inserting a second mutation (blue (dark gray in print versions)) in the PAM prevents additional rounds of SpCas9/ gRNA cutting at this locus. Asterisks represent locations of point mutations in the repair template.
3. Visit crispr.mit.edu and paste the copied sequence into the query box. Select "other region" as the sequence type and choose the correct target genome. Click "Submit Query" and then select "Guides & offtargets." Results may take some time to appear as the program searches the genome database. 4. The results will show a rank-ordered list of the potential genomic targets for gRNA recognition. All of the 20-nt genomic target sites are followed at the 3 0 end by a PAM shown in green. Choice of gRNA targeting sequence depends on two main parameters: (1) HDR efficiency decreases as the distance between the desired mutation and the site of the DSB increases; therefore, the site of genomic target cleavage should be as close as possible to the site of the introduced mutation. (2) gRNAs can direct SpCas9 cleavage of nonidentical target sequences in the genome, possibly resulting in the introduction of undesired mutations. For each selected gRNA, a list of "off-target" binding sites is shown along with the position of mismatches within the gRNA sequence. gRNAs with higher "quality scores" have a greater predicted target specificity. For a detailed analysis of the effect of mismatches on gRNA recognition, see Hsu et al. (2013) . We recommend choosing a gRNA that has at least four base pair mismatches to any other sequence in the genome and promotes cutting at <20-nt from the site of the intended mutation. For some genomic target sequences, it is not possible to achieve these parameters. In this case we select the highest scoring gRNA that directs cutting within 20-nt on either side of the desired mutation site. 5. We recommend selecting two to three gRNAs and testing each for cleavage efficiency using the SURVEYOR Ò Mutation Detection Kit (Transgenomic), as described in Ran et al. (2013) . 6. Copy the 20-nt sequence of the genomic target sequence. The PX459 vector uses a U6 promoter to transcribe the gRNA and this requires that a G be the first nucleotide in the transcript. In cases where the genomic target sequence does not begin with a G, append an extra G at the 5 0 end of the gRNA. 7. Generate the reverse complement of the genomic target sequence (including the 5 0 G if it was added) (Figure 2(A) ). 8. Add the overhang sequence 5 0 -CACC-3 0 to the 5 0 end of genomic target and the sequence 5 0 -AAAC-3 0 to the 5 0 end of the reverse complement (Figure 2(A) ). These sequences will produce the correct overhangs for cloning into the PX459 vector. 9. Order single-stranded DNA oligonucleotides for the two sequences generated in
Step 8.
CLONING OLIGONUCLEOTIDES INTO THE PX459 VECTOR
The PX459 vector contains two BbsI cleavage sites that allow for the insertion of annealed oligonucleotides containing the gRNA target sequence. BbsI cleaves DNA outside of its recognition site to produce overhangs complementary to those added in Step 8 above. Below we describe how to clone the gRNA into the PX459 expression vector.
Vector preparation
1. Digest 1 mg of the PX459 vector with BbsI for 2 h at 37 C.
2.
To remove terminal phosphates, add 0.1 mL of calf intestinal phosphatase (CIP) to the reaction and incubate at 37 C for 30 min. Since the two overhangs produced following BbsI digestion are not complementary this step is not required, but can reduce background.
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FIGURE 2 Guide RNA and Repair Template Design.
(A) A Plk4 genomic target sequence (underlined) is chosen due to the close proximity of the cut site to the desired mutation (gatekeeper residue L89G, green (gray in print versions)). The PAM site required for SpCas9/gRNA cleavage (red (light gray in print versions)) lies immediately downstream of the genomic target sequence. The 5 0 end of the genomic target sequence must start in a G for efficient transcription from the U6 promoter on the PX459 vector. When the genomic target sequence does not begin with a G, this must be added to the gRNA targeting sequence (blue (dark gray in print versions)). To clone the gRNA targeting sequence into the BbsI-digested PX459 vector, the sequence 5 0 -CACC-3 0 must be added onto the 5 0 end of the genomic target sequence and the sequence 5 0 -AAAC-3 0 must be added onto the reverse complement of the genomic target sequence. (B) The Plk4 AS repair template contains the gatekeeper residue mutation (L89G), a PAM site mutation, and introduces an AflIII restriction site to facilitate identifying clones that have undergone HDR (all mutations are shown in green (light gray in print versions)). Note that the PAM mutation and restriction enzyme recognition site insertion do not alter the coding sequence.
3. Purify the cut vector using a standard polymerase chain reaction (PCR) cleanup kit. Note that BbsI digestion of PX459 produces a small 22-nt fragment that will pass through the column, leaving a 9153-nt, linear piece of vector DNA. The purified linear vector can be stored at À20 C until ready for use. Annealed oligonucleotides can be stored at À20 C until ready for use.
Oligonucleotide annealing
Oligonucleotide phosphorylation
We use T4 polynucleotide kinase (PNK) from New England Biolabs to add terminal phosphates to the annealed oligonucleotides.
6. Combine: a. 5 mL of H 2 O of molecular biology grade b. 2 mL of the annealed oligonucleotides from above c. 1 mL of T4 PNK buffer (www.neb.com) d. 1 mL of ATP (10 mM stock) e. 1 mL of T4 PNK (www.neb.com) 7. Allow reaction to proceed in a thermocycler with the following protocol: a. 30 min at 37 C b. 10 min at 70 C (to inactivate PNK) c. Quick cool to 4 C Phosphorylated oligonucleotides can be stored at À20 C until ready for use.
Ligation and transformation
We use a 2X stock of Takara T4 DNA Ligase (DNA ligation kit, Version 2.1) and homemade TOP10 competent cells.
8.
In a 0.5 mL tube, combine the following: a. 1 mL BbsI digested vector b. 4 mL phosphorylated annealed oligonucleotides c. 5 mL 2X Takara T4 ligase 9. As a control, set up the same reaction as above but substitute 4 mL of molecular biology grade H 2 O for the oligonucleotides. 10. Allow ligation to proceed for 1 h at room temperature. 11. Hand-thaw a frozen aliquot of competent bacteria and keep on ice.
12.
Add the entire 10 mL reaction mixture to the competent bacteria and incubate on ice for 20e30 min. 13. Heat shock the bacteria for 1 min at 42 C and return to ice for at least 1 min. 14. Plate the bacteria on prewarmed ampicillin (or carbenicilin) agar plates and incubate at 37 C for 16 h. A successful ligation should produce few (if any) colonies on a control (vector alone) plate and many-fold more colonies on an experimental (vector with insert) plate. 15. Select a colony from the experimental plate and prepare a 1e5 mL culture in lysogeny broth containing ampicillin. Shake at 37 C for at least 16 h and perform a plasmid purification as normal. 16. To check for correct oligonucleotide insertion, sequence the plasmid using the U6 forward primer (5 0 -ACTATCATATGCTTACCGTAAC-3 0 ). 17. PX459 plasmid DNA containing a correctly cloned gRNA can be stored at À20 C until ready for use.
DESIGN OF A REPAIR TEMPLATE
HDR can be exploited to generate defined edits at the site of a DSB introduced by SpCas9. As a substrate for HDR, cells are provided with an exogenous repair template containing the desired alteration. Repair templates can be single-stranded (ssDNA) or double-stranded DNA (dsDNA) with homology arms flanking the cut site. ssDNA repair templates have higher efficiency of HDR than identical dsDNA templates (Lin, Staahl, Alla, & Doudna, 2014) . Therefore, for small insertions or point mutations we use single-stranded oligonucleotides with approximately 80 nucleotides of homology on either side of the cut site (Figure 2(B) ). The ssDNA repair template can be designed to be complementary to either the sense or antisense strand. Along with the desired modification, a repair template should also possess a mutation in the PAM site that will prevent re-cutting by SpCas9 after HDR. In addition, to simplify the downstream screening of cell line clones, we strongly recommend introducing a silent restriction site along with the desired mutation. In the example below, we outline the steps for designing the ssDNA oligonucleotide repair template for introducing a point mutation (Figure 2(B) ).
1.
Identify the specific site of cleavage by SpCas9 in the genomic target sequence. This will be 3-nts upstream of the PAM sequence (Figures 1 and 2(A) ). 2. Select 80 nucleotides on either side of the cut site to act as the homology for the repair template. Make the following three modifications to the sequence:
Insertion of the point mutation
3. Identify the codon for the amino acid to be mutated and change the sequence to code for a new amino acid.
Mutation of the PAM site
4. Identify the PAM in the repair template and replace one or both of the G bases with a C or T to create a silent mutation. For SpCas9, the "NGG" PAM sequence can be mutated to anything other than "NAG" to prevent SpCas9 cleavage Jiang, Bikard, Cox, Zhang, & Marraffini, 2013 ). If it is not possible to make a silent point mutation in the PAM sequence then at least four silent point mutations should be introduced into the targeting sequence of the gRNA to prevent re-cutting. On the whole, SpCas9 is less tolerant of mismatches that lie close to the PAM .
Insertion of a restriction enzyme cleavage site
To rapidly screen clonal cell lines (see below), it is desirable to introduce a silent restriction enzyme site into the repair template.
5.
Use the online restriction enzyme site finder WatCut, (http://watcut.uwaterloo. ca/template.php) to identify a region of the repair template that will allow the creation of a restriction enzyme site that does not change the coding sequence. Introduce the mutation into the repair template. To form a reliable marker to track insertion of the point mutation, the restriction site should be positioned as close as possible to the mutation. In addition, we recommend choosing a restriction enzyme that is not blocked by CpG methylation and shows good activity in a range of restriction enzyme buffers. 6. Order the ssDNA repair oligonucleotide from IDT (http://www.idtdna.com/site). In our experience polyacrylamide gel electrophoresis purification is not necessary.
TRANSFECTION AND SCREENING
For genome editing experiments we recommend selecting a stably diploid cell line, as this simplifies the process of achieving homozygous gene targeting. While we have successfully targeted aneuploid cell lines using the CRISPR/SpCas9 system, determining the genotype of the resulting clones is more complex. Since puromycin is used to achieve rapid killing of cells that do not receive the PX459 expression vector, it is important that the chosen cell line is also puromycin sensitive. An alternative approach is to use the PX458 expression vector (available from Addgene, vector #48138) that co-expresses SpCas9, gRNA, and GFP, allowing fluorescent transfected cells to be directly sorted into individual wells of a 96-well plate.
There are a number of methods for delivering DNA to mammalian cells in culture. Here, we describe a method using Roche's X-tremeGENE 9 transfection reagent. Depending on the cell line to be used, other DNA delivery methods (e.g., nucleofection) may be required.
Day 1
1. Seed cells for transfection at 2 Â 10 5 cells/well in 2 mL of media in a six-well plate. Seed at least three wells per transfection, with one of these wells serving 4. Using a multichannel pipette, add 150 mL of media to each well of the 96-well plate. 5. Repeat Steps 1e4 for each cell density. 6. Wrap the 96-well plates in plastic film and return to the incubator.
It will take 2e4 weeks for single cell to grow into colonies large enough to isolate sufficient quantities of genomic DNA.
Genomic DNA extraction
To extract genomic DNA from a small number of clones, we use the Sigma GenElute Mammalian Genomic DNA Miniprep Kit (G1N350). For extracting genomic DNA from a large number of clones, we use a protocol adapted to use with 96-well plates and outlined below.
1.
Using a tissue culture microscope, identify wells containing a single colony.
Transfer 96 individual clones into 24-well plates. Return cells to the incubator. 2. When the clones are confluent, trypsinize cells in 200 mL of 0.05% trypsin. 3. Remove 160 mL of the trypsinized cell suspension and place into a single well of a 96-well plate with U-bottom wells. 4. Add 1 mL of media to the cells remaining in the 24-well plates and return plates to the incubator. 5. Spin the 96-well plate at 2000 RPM in a swinging-bucket rotor for 10 min to pellet cells. 6. To remove supernatant, quickly invert the plate to remove media and remove excess liquid by blotting on paper towels. 7. Resuspend cells in each well with 150 mL phosphate buffered saline (PBS) and spin at 2000 RPM for 10 min. Remove PBS as in Step 6. 8. To lyse cells, add 50 mL of lysis buffer (10 mM TriseHCl, pH 7.5, 10 mM of ethylene diamine tetraacetic acid, 0.5% of sodium dodecyl sulfate, 10 mM of NaCl, 1 mg/mL of proteinase K) and seal the plate with parafilm. Put plate into a humidified chamber at 60 C overnight. A humidified chamber can be created by placing a few inches of water in a small plastic container with a sealable lid. The 96-well plate is placed in the sealed container on top of a test tube rack so that it rests above the water level. 9. The next day, remove the plate from the humidified chamber and cool to room temperature. 10. Add 100 mL of ice-cold EtOH/NaCl mix (75 mM of NaCl in w100% EtOH; it forms a cloudy solution) to precipitate DNA and mix well. 11. Incubate at room temperature for 30 min. 12. Spin at 4000 RPM in a swinging-bucket rotor for 20 min to pellet precipitated DNA. 13. Decant liquid as in Step 6. 14. Rinse pellet with 150 mL cold 70% EtOH and spin for 10 min at 4000 RPM. 15. Decant liquid as in Step 6. 16. Repeat washing step (#14e15) and air-dry DNA for 10 min.
17. Add 50 mL TE, pH 8.0 (10 mM of TriseHCl, pH 8.0, 1 mM EDTA) to genomic DNA pellet. 18. Cover plate with parafilm and incubate at 50 C for 2 h.
Genomic DNA is ready for further screening or may be stored at 4 C until ready for use.
Screening
HDR can be tracked by PCR amplification of genomic DNA followed by restriction enzyme digest. Forward and reverse primers are designed to bind to regions of the genome outside of the homology arms of the repair template to amplify a region of 250e1000-nt (Figure 3(A) ). Primers are designed using the Primer3 program (A) Forward and reverse screening primers (green (light gray in print versions)) should be designed to bind outside of the sequence of the repair template (gray). PCR-amplified Plk4 AS alleles will be digested with the restriction enzyme AflIII whereas Plk4 WT alleles will not. (B)
Genomic DNA extracted from individual clones is PCR-amplified and subject to AflIII digestion. Clone 1 shows near complete digestion of the PCR product and is homozygous for the Plk4 AS allele. Clones 3 and 7 show partial digestion of the PCR products and are heterozygous for the Plk4 AS allele. Remaining clones were either not cut by SpCas9 or repaired through non-homologous end joining (NHEJ). The genomic DNA extraction or PCR failed for clone 5.
(biotools.umassmed.edu). We recommend screening at least three different forward and reverse primers in all possible combinations to identify a primer pair that yields a strong and specific PCR product from low quantities of DNA (Figure 3(B) ). In most cases, the PCR protocol outlined below produces good results. However, PCR optimization may be required.
PCR amplification
1. For each clone, add 2 mL of genomic DNA to a single well of a 96-well plate. 2. Prepare a master mix (100 reaction per plate) as follows: a. Molecular biology grade H 2 O 1120 mL b. 5X GC buffer (www.neb.com) 400 mL c. Forward primer (10 mM stock) 100 mL d. Reverse primer (10 mM stock) 100 mL e. dNTPs (stock with each dNTP at 10 mM) 40 mL f. Phusion polymerase (www.neb.com/) 4 0 mL 3. Add 18 mL of the master mix to each well, cover the plate with a piece of sealing film and perform a PCR reaction using the following parameters: The PCR product is ready for restriction enzyme digest (below).
Restriction enzyme digest
To determine whether a clone underwent HDR, the PCR product is digested with the restriction enzyme that was introduced into the repair template. If the genome underwent HDR with the repair template, digestion products smaller than the length of the amplicon will be observed (Figure 3(B) ). Prepare a digestion for each clone's PCR product as below:
• 8.5 mL genomic PCR product • 1 mL 10X restriction enzyme buffer (www.neb.com) • 0.5 mL restriction enzyme
Note that for some restriction enzymes it is possible to perform the digestion directly in PCR buffer.
4.
Incubate at 37 C for 2 h.
5.
Add 10 mL of a DNA loading dye to each restriction enzyme digest and remaining undigested PCR products and load the entire samples into wells of a 2% agarose DNA gel. 6. Run gel and image with a gel documentation system. There are three possible results for each reaction (Figure 3(B) ).
1.
Only an undigested band: There are two possibilities here (Figure 3(B) , Lanes 2, 4, 6, 8, 9, and 10): (1) Both alleles are wild type. In this case SpCas9 may have failed to cut, or the DSB was repaired by HDR using the sister chromatid, rather than the repair template. (2) One or both alleles are mutated. The DSB was repaired through (NHEJ) resulting in the creation of InDels that prevent further SpCas9 cutting. 2. Both undigested and digested bands: There are two possibilities here that are not mutually exclusive (Figure 3 (B), Lanes 3 and 7).
(1) The clone is heterozygous. In this case, the SpCas9/gRNA complex cleaved the genomic DNA and repaired one allele by HDR using the repair template. The other allele is either wild type or has been repaired by NHEJ. In our experience, many cells repair one allele by HDR using the repair template and the second allele undergoes NHEJ producing InDels. InDels frequently result in frameshift mutations that generate a null allele. (2) The cells are polyclonal. This may occur when two or more parental cells grow in a single well. 3. Only (or mostly) digested bands: This clone is homozygous for insertion of the point mutation (Figure 3(B) , Lane 1).
Sequencing clones
To verify insertion of the desired mutation, the undigested PCR product can be cloned into a vector for sequencing. We recommend using the ZeroBlunt Ò TOPO Ò Cloning Kit from Invitrogen, which allows for easy cloning of blunt-end PCR products into the pCR-Blunt II-TOPO vector. We usually sequence w10 clones to ensure coverage of both alleles. Clones that are homozygous for the insertion of the point mutation can be taken forward for further analysis. However, heterozygous clones that contain a point mutation in one allele and a frameshift mutation in the second allele may also prove useful if the frameshift mutation creates a null allele.
FUNCTIONAL ANALYSIS
Depending on the point mutation introduced and the predicted phenotype, a variety of assays can be conducted. In the case of an AS kinase, treatment with bulky ATP-analogs (1NM-PP1, 3 MB-PP1) should inhibit kinase activity. In this case, cells can be treated with varying concentrations (0.1e20 mM) of a bulky ATP-analog and assayed for kinase activity.
